Abstract Immunoglobulin (Ig) E has been shown to be a major contributing factor for the development of bronchial hyperresponsiveness in asthma. An elevation in serum IgE levels contributes to asthma and is considered a potent predictor of the development of asthma. The objectives of the present study were to estimate the levels of total serum IgE in asthmatic and healthy control subjects and to investigate the relationship of various demographic and clinical characteristics with the total serum IgE level in asthmatics. We measured the levels of total serum IgE using the ELISA kits (AccuBind, Monobind Inc., USA). The relevant demographic and clinical data were obtained using the questionnaire. The results showed that asthmatic children had significantly elevated level of total serum IgE compared to that of the healthy controls. The levels of total IgE and IL-4 in sera of 44 asthmatic children showed a significant positive correlation. Total serum IgE [150 IU/ mL was found to be significantly associated with the age, exposure to cigarette smoke, and raised eosinophil count in asthmatic children. In conclusion, the elevated level of total serum IgE may demonstrate the allergic etiology of asthma in the subjects studied.
Introduction
Asthma is the most common chronic disorder in childhood, characterized by reversible airway obstruction, bronchial hyperresponsiveness (BHR) and atopy [1] . Total IgE level estimation provides evidence in support of atopy. Atopy is a nearly universal finding in children with asthma which is described as a tendency to produce excess amount of immunoglobulin (Ig) E antibodies when exposed to allergens [2] . Patients with asthma tend to have increase airway reactivity to a variety of stimuli such as allergens, irritants, exercise, cold air, and viruses [3] . The concentration of IgE in serum is age dependent and normally remains at levels less than 10 IU/mL in most infants during the first year of life [4] .
Various population studies have shown an association between the prevalence of asthma/BHR and the total serum IgE levels, independent of specific reactivity to common allergens or symptoms of allergy [5, 6] . Burrows and his colleagues found a close correlation between serum IgE levels and the self-reported asthma [2] .
The objectives of the present study were to estimate the levels of total serum IgE in asthmatic and healthy control subjects and to investigate the relationship of various demographic and clinical characteristics with the total serum IgE level in asthmatics.
Materials and Methods

Subjects and Collection of Blood Samples
In the present study, a total of 140 (70 asthmatic and 70 control) subjects were included. Children of the age group 3-12 years with asthma but free of other ailments such as parasitic infection, etc., diagnosed by the physicians were registered for the study. Each patient was thoroughly examined by the physician and the proforma was filled accordingly. Age and sex matched healthy subjects with no history of respiratory disorder, other atopic signs and symptoms, helminths or parasitic infection, were considered as control subjects. The registration of participants, data collection, and blood sample collection were done in the Out-Patient Department of Pediatrics, North Bengal Medical College & Hospital, Siliguri, West Bengal, India. All the laboratory investigations were performed in the Cellular Immunology Laboratory, Department of Zoology, University of North Bengal, Siliguri, West Bengal, India. The blood samples were collected by vein puncture method at appropriate conditions. Sera were separated and stored in aliquots at -70°C until analysis.
Measurement of Total Serum IgE
Total serum IgE level was measured using Immunoenzymometric sequential assay (Type 4), ELISA kits (AccuBind, Monobind Inc., USA). The principle of the method involves the immobilization of the biotinylated monoclonal anti-IgE antibody on the surface of a microplate well on interaction with the streptavidin coated on the well. On addition of serum containing the native antigen, antibodyantigen complex is formed. Another antibody (directed to a different epitope) labeled with an enzyme is added which results in the formation of an enzyme labeled antibodyantigen-biotinylated-antibody complex on the surface of the wells. On addition of the substrate color is formed which is measured using a microplate spectrophotometer. The concentration of the unknown samples is determined from the standard curve created using reference samples with known antigen concentration.
The assay procedure was followed as per the manufacturer's instruction. The absorbance was measured at 450 nm in the ELISA plate reader (Bio rad). The sensitivity of the IgE AccuBind TM ELISA test system was 1.0 IU/mL with the intra-and inter-assay precisions of 1.95-5.87 % and 3.52-8.42 %, respectively.
Determination of Serum Level of Interleukin-4
In our previous study, we investigated serum levels of IL-4 and IFN-c in 48 asthmatic and 32 control subjects [7] .
A total of 44 asthmatics whose sera were used for both IL-4 and IgE estimation were considered for determining the correlation between IL-4 and total serum IgE.
Ethics
This study was approved by the ''Institutional Human Ethics Committee'', University of North Bengal, Siliguri, West Bengal, India. The written informed consent was obtained from the guardians/parents for their children to participate in this study.
Statistical Analysis
The
Pearson's Chisquare test was used for analyzing the correlation between the total serum IgE and IL-4 in asthmatic subjects. A p value of \0.05 was considered to be statistically significant. The scatter diagram was plotted using the OriginLab v8.5.
Results and Discussion
The demographic and biochemical profile of asthmatics and controls are presented in Table 1 . Table 2 shows the relationship of demographic and clinical characteristics of asthmatic subjects with the elevated level of total serum IgE. The results showed no significant associations of gender, family history of asthma/atopy, exclusive breastfeeding up to 6 months and residential set up with the elevated level of total serum IgE. The higher age group, exposure to cigarette smoke and the raised eosinophil count showed the significant associations with the elevated levels of total serum IgE in asthmatics. Further, there was a significant positive correlation (r = 0.56, p \ 0.001***) between the total serum IgE and IL-4 in 44 asthmatic children (Fig. 1) .
It was observed that out of 70 asthmatics, 50 (71.43 %) subjects had total serum IgE [ 150 IU/mL. The mean total serum IgE level was significantly higher in asthmatic subjects compared to that of the control subjects, 269.21 ± 150.97 IU/mL versus 146.89 ± 77.32 IU/mL; p \ 0.001*** (Fig. 2) .
In the present study, the higher age group, exposure to cigarette smoke, and the raised eosinophil count showed the significant association with the elevated level of total serum IgE in asthmatic children. These findings are consistent with the findings of several earlier studies. Cline et al. [8] reported the higher total serum IgE levels in the age group of 8-14 years. Similarly, Strachan and Cook [9] showed the potential role of passive smoking on IgE in a study conducted in children. Satwani et al. [10] showed eosinophilia along with raised serum IgE levels to be a significant allergic marker. Peripheral blood eosinophil counting has tremendously important clinical implication in order to demonstrate the allergic etiology of the disease, to monitor its clinical course and to address the choice of therapy [11] .
The major finding of the present study confirmed that 71.43 % of the asthmatic subjects had total serum IgE levels [150 IU/mL. The mean total serum IgE level in asthmatic group was 269.21 ± 150.97 and 146.89 ± 77.32 IU/mL in control group. The difference was FHA family history of asthma/atopy; EBF exclusive breastfeeding * Significant at p \ 0.05, ** Significant at p \ 0.01 Fig. 1 Correlation between serum levels of IL-4 and total IgE in 44 asthmatic subjects. The correlation coefficient was 0.56 and was statistically significant (p \ 0.001***) Fig. 2 Comparison of total serum IgE levels (IU/mL) between asthmatic and control subjects statistically significant (p \ 0.001***). Several studies have reported the elevated levels of total serum IgE in asthmatics [12, 13] . Therefore, it is in accordance with the well known fact that IgE plays a central role in the pathophysiology of allergic disorder such as asthma.
In the present study, it was also observed that there was a significant correlation between total IgE and IL-4 in sera of 44 asthmatic subjects. This finding is consistent with the finding of Afshari et al. [14] who reported considerably higher levels of serum IgE and IL-4 in asthmatics than nonasthmatic controls. IL-4 is one of the two cytokines known to cause switching in B-cells, a prerequisite for elevated IgE synthesis [15] .
This study is a preliminary investigation and it has of course certain limitations. Further study investigating the prevalent allergens and the specific IgE estimation is warranted to strengthen the present study.
In conclusion, the elevated level of total serum IgE may demonstrate the allergic etiology of asthma in the subjects studied. Further, it also reveals the significant association of higher age, exposure to cigarette smoke and raised eosinophil count with the elevated level of total serum IgE in asthmatics.
